SUMMARY Endoscopic manometry was used to measure pancreatic duct, common bile duct, pancreatic duct sphincter and bile duct sphincter pressures in 43 healthy volunteers and 162 patients with a variety of papillary, pancreatic and biliary disorders. Common bile duct pressure was significantly raised after cholecystectomy, with common bile duct stones and papillary stenosis but pancreatic duct pressure only in papillary stenosis. After endoscopic sphincterotomy mean common bile duct pressure fell from 11-2 to 1.1 mmHg and pancreatic duct pressure from 18.0 to 11.2 mmHg. Distinct pancreatic duct sphincter and bile duct sphincter zones were identified as phasic pressures of 3-12 waves/minute on pull-through from pancreatic duct and common bile duct to duodenum. Pancreatic duct sphincter pressures were higher with common bile duct stones and stenosis whereas bile duct sphincter pressures were higher in pancreatitis and stenosis. Bile duct sphincter activity was present in 60% of patients after surgical sphincteroplasty but 21% of patients after endoscopic sphincterotomy. Endoscopic manometry facilitated the diagnosis of papillary stenosis, has allowed study of papillary pathophysiology and has shown a functional inter-relationship between the two sphincteric zones. We have previously reported our results of endoscopic manometry in healthy volunteers33 and now report our findings in a group of patients asymptomatic after cholecystectomy and those with common bile duct stones, pancreatis, suspected papillary stenosis, and in patients after endoscopic sphincterotomy and surgical sphincteroplasty.
The role of the sphincter of Oddi in the pathogenesis of pancreatic and biliary diseases and their effects upon it have received little attention in human studies. Various pathophysiological mechanisms have been suggested to implicate dysfunction of the pancreatic-biliary sphincter apparatus in gall stone formation,'1 2 pancreatitis3 4 and the postcholecystectomy syndrome 7 but direct study of this area became possible only recently with the advent of endoscopic manometry.8-2 Previously the sphincter of Oddi was accessible only indirectly for manometric study by the use of intra-operative or postoperative bile duct pressure-flow systems. 13 The diagnosis of papillary stenosis remains controversial despite an increasing literature on the subject since the 1950s.5 7 1418 Radiological criteria based on ERCP studies'92' have helped delineate this entity further but endoscopic manometric measurements10 1 21 22 would seem a promising method for accurate diagnosis.
Surgical and endoscopic operations on the sphincter of Oddi are frequently used in the management of choledocholithiasis and papillary stenosis. 18 [23] [24] [25] [26] [27] [28] [29] Little information is available on the effects of these procedures on the biliary-pancreatic sphincter apparatus and recent studies using endoscopic manometry'(012 [30] [31] [32] have concentrated on measurements of common bile duct pressure('"-2 30}32 and bile duct sphincter zone phasic activity.3G-32
Numbers of patients studied before and after endoscopic sphincterotomy have been small and only one study reports changes in pancreatic duct pressure3' but not pancreatic duct sphincter zone dynamics.
We have previously reported our results of endoscopic manometry in healthy volunteers33 and now report our findings in a group of patients asymptomatic after cholecystectomy and those with common bile duct stones, pancreatis, suspected papillary stenosis, and in patients after endoscopic sphincterotomy and surgical sphincteroplasty. Endoscopic manometry was performed at the same session as, but immediately before ERCP as previously described. 33 After an eight hour fast the subject lay comfortably in the left lateral or semiprone position after local pharyngeal anaesthesia had been administered by benzocaine spray. Sedation was then induced with intravenous diazepam and no other drugs were given until manometry recordings had been completed. Dudoenoscopy was performed with a Fujinon DUOX duodenoscope, and the manometry catheter, a modified Fujinon ERCP catheter with a 1-2 mm diameter side hole 4 mm from its sealed tip, was passed through the instrument channel into the duodenum with the transducer level with the subject's abdomen. Using a perfusion rate of 0-62 ml/min of 0-9% saline delivered by a Harvard 2681 infusion pump, an initial duodenal pressure was recorded. The papilla was then cannulated and the catheter deeply inserted into a duct. Aspiration of bile or pancreatic juice together with fluoroscopic verification allowed identification of the duct cannulated. Ductal pressures were then measured and the catheter then slowly withdrawn until a phasic high pressure zone was located on pullthrough. A station recording was made and the distance of this zone from the papillary orifice could be read from the catheter markings. Duodenal pressure was again recorded after each pull-through manoeuvre as this was used as a zero reference for each recording. Ductal and duodenal pressures were read directly from each tracing and a mean of the peak and trough phasic pressures calculated from the phasic zone activity as previously described.33 Wave amplitude, frequency and duration were also calculated and groups were compared statistically using the Student's t test for unpaired data.
Results
The results of ductal pressure measurements are shown in Tables 1 and 2 . Pancreatic duct (PD) pressure was not significantly different from normal 67-1±1199t
26-4±12-4t
Given in mmHg as mean ± 1SD. Significant differences from normal values are given by * p<001, t p<0.005, t p<0001. N = normal. PC = postcholecyst. CDS = common duct stone. P = pancreatitis. S = papillary stenosis.
in asymptomatic postcholecystectomy subjects (PC), patients with common duct stones (CDS) and patients with pancreatitis (P) but was raised in papillary stenosis (S), stenosis of the pancreatic duct orifice (SPD) and in patients after surgical sphincteroplasty (PSS). Figures 1 and 2 . Pancreatic duct pressure fell from 180O±7*0 to 11*2±5*0 mmgHg (p<0001) and common bile duct pressure fell from 11.2±4*9 to 1-1±1-1 mmHg (p<0-001) with 39 subjects (70%) showing no common bile duct-duodenal pressure gradient. In the small group of patients undergoing sphincterotomy of the pancreatic duct orifice (ESPD) pancreatic duct pressure fell significantly from 22*4±7-6 to 8.0±6*0 mmHg (p<0-005).
Distinct zones of high phasic pressures with a mean frequency of six waves/min (range 3-12 waves/min) and a mean duration of seven seconds (6-2-8-4 seconds) were found on pull-through from pancreatic duct and common bile duct towards the duodenum at a distance of 4-5 mm from the papilla. These zones were designated pancreatic duct sphincter and bile duct sphincter zones respectively as we have previously discussed33 and examples are shown in Figure 3 . Peak and trough pancreatic duct sphincter and bile duct sphincter pressures are shown in Tables 1 and 2 . For pancreatic duct sphincter pressures there was no significant difference from normal in Groups PC, PES, and PSS but a significant rise was found in Groups P, CDS, S, and SPD. Significant falls in pancreatic duct sphincter pressures occurred after endoscopic sphincterotomy ( Fig. 1) and in the eight subjects undergoing pancreatic duct orifice sphincterotomy (ESPD). Two subsequently showed no phasic activity and in the remaining six there were significant falls in pancreatic duct sphincter pressures (Fig. 1) . 37-0±12-3f (12) 6-5±44t: (12) PES (56) 11-2±5-0 55-0±18-0 16-9±8-5
1-1±1 1 (17) 312±9-8t (12) 7-2±4-0t (12) ESPD (8) Figure 4 . One was characterised by high amplitude waves with raised peak and trough pressures together with a raised ductal pressure and the other pattern exhibited a high pressure zone extending over 2-3 mm with little or no phasic activity at the expected site together with a raised ductal pressure. Table 3 shows the percentage of patients in Groups CDS, P and S with ductal and phasic pressure values greater than 2SD above the normal mean. This revealed that 85% of patients with common bile duct stones and 75% with papillary stenosis had common bile duct pressures greater than 9-6 mmHg. In addition, 40% of patients with papillary stenosis had pancreatic duct pressures above the limit of 18.5 mmHg and two-thirds of this group had raised peak pancreatic duct sphincter and peak bile duct sphincter pressures above the normal limits. Table 4 expresses the same data as the percentage in each group with between one and six abnormal values based on the above mentioned limits. In patients with common bile duct stones the majority had only one abnormal value, in pancreatitis five patients (42%) had no abnormal value but in papillary stenosis the majority of patients had two or more abnormal values.
The differences between a ductal and trough phasic sphincter pressures were 7*3±4-9 and 12-0±5-7 mmHg in normal subjects for pull-through recordings from pancreatic duct and common bile duct respectively. Values in patient groups were not significantly different except those with papillary stenosis where this difference was significantly raised to 13-1±10 3 mmHg (p<002) and 18-6±13-3 mmHg (p<001) for pancreatic duct and common bile duct recordings respectively.
Discussion
Despite detailed anatomical descriptions of the muscle fibres associated with the terminal parts of the common bile duct and pancreatic duct in man and many other species over the last century36 37 there is still debate concerning the functional activity of these sphincteric structures in man21 37 38 and little is known of the pathophysiological changes which may take place in this area in patients with biliary and pancreatic disease. Endoscopic manometry has been used by a number of groups to investigate different disease states with varying but the mechanism of high common bile duct pressures in this situation is not known.
Our findings in patients with pancreatitis show rises of ductal and sphincteric pressures and there was no difference in values between alcohol related and non-alcohol related cases. The relevance of these findings to pathogenetic mechanisms of pancreatitis or the effects of pancreatitis on sphincter function are unknown but as some patients have values outside the proposed normal limits (Table 3) there may be a degree of sphincter dysfunction and outflow obstruction in a proportion.
PapillarT stenosis seems well recognised in France 7 6 Germany, 11 20 some centres in USA14 15 17-19 22 and South America47 48 but has appeared less frequently in the British literature. Despite well documented clinical and pathological literature on the subject,5 7 10 1 14-18 23 2527 [47] [48] [49] the diagnosis may be difficult to make and many clinicians are reluctant to consider it. We have shown that the manometric characteristics of a group of patients selected on the radiological criteria above mentioned were significantly different from normal and no patient in this group had completely normal manometric results compared with 42% of patients with pancreatitis. Clearly patients with common bile duct stones can be distinguished by other means. We have subsequently used these criteria to select patients for endoscopic sphincterotomy with encouraging results to be reported elsewhere.
We conclude that endoscopic manometry provides a reliable method for studying the pathophysiology of disorders affecting the pancreatic and biliary sphincter mechanisms and has allowed us to establish additional criteria for the diagnosis of papillary stenosis. A functional interrelationship between the sphincteric zones of the terminal bile duct and pancreatic duct is suggested but the pancreatic duct sphincter can preserve its independent activity after complete incision of the choledochal sphincter. 
